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(57) ABSTRACT 

A top-power- increasing additional pulse is imparted to a 
portion of top power irradiation of a laser light beam, and a 
bottom-power-off pulse is imparted to a portion of bottom 
power irradiation of the laser light beam. Fine adjustment 
amount for the top power irradiation is modified roughly in 
accordance with a desired length of a pit to be formed, and 
the duration of the top -power-increasing additional pulse is 
adjusted finely. Fine adjustment amount for the bottom 
power irradiation is modified roughly in accordance with a 
desired length of a land to be formed, and the duration of the 
bottom-power-off pulse is adjusted finely. Further, timing to 
start the top power irradiation of the laser light beam is 
modified according to a desired length of a pit to be next 
formed; that is, the greater the next pit length, the more is 
delayed the top power irradiation start timing. In addition, 
timing to end the top power irradiation of the laser light 
beam is modified according to a desired length of a land to 
be next formed; that is, the greater the next land length, the 
more is advanced the top power irradiation end timing. 
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OPTICAL DISK RECORDING METHOD AND 
DEVICE 

BACKGROUND OF TOE INVENTION 

[0001] The present invention relates generally to methods 
and devices for optical disk recording based on a mark- 
length recording scheme, which irradiate a laser light beam 
onto a recording surface of an optical disk to form pits and 
lands therein representing desired information. More par- 
ticularly, the present invention relates to an optical disk 
recording device and method which achieve improved qual- 
ity or characteristics of recording signals, such as reduced 
jitter and deviation and a lower error rate, when information 
is recorded at a higher speed than a normal (or one-time) 
speed or when information is recorded at high density. 

[0002] The CD-WO (Compact Disk-Write Once) stan- 
dard, sometimes called an "orange book standard", is among 
various known schemes for recording on writable optical 
disks. According to the CD-WO standard, desired informa- 
tion is recorded in combinations of pits and lands (i.e., 
portions between the pits) using a "3T-11T' format: "IT" 
represents a time length of 231.3 ns. (-Vfe^isMHz) in a 
normal-speed (one -time -speed) recording mode, V4 of the 
normal-speed time length in a double -speed recording mode, 
l A of the normal-speed time length in a quadruple-speed 
recording mode, Ve of the normal-speed time length in a 
six-times-speed recording mode. As shown in FIG. 2, a laser 
light beam to be used for recording on a CD-WO (or CD-R) 
disk is set to a top or recording power level or value, i.e., a 
high level capable of recording information, for each pit- 
forming section and set to a bottom or reproducing power 
value, i,e, a low capable of reproducing information but 
incapable of recording information, for each land-forming 
section. If, in this case, the laser light beam continues to be 
held at the top power level over a time period corresponding 
exactly to a desired length of a pit, the actual length of the 
formed pit undesirably tends to be longer than the desired 
length by about IT due to residual heat of the laser light. To 
avoid this inconvenience, there has been employed a laser 
power modulation called a "(n-K)Ta(nT)" recording strat- 
egy, in accordance with which the duration of each top 
power irradiation, intended for formation of a pit, is made 
shorter than a desired length nT of a pit to be formed by 
about a length of KxT (K is a constant). Here, "a(nT)" 
represents an amount of fine adjustment per pit length which 
is to be added to each pit-forming top power irradiation 
period to delay termination of the top power irradiation, and 
is set in accordance with the following relationship: 

a(3T)*a(4T)*a{5T), . . . ,*a(lir) 
(a(37>a(117)) 

[0003] As another example of the laser power modulation, 
there has been proposed a "(n-K)T+a(nT)-p(mT)" record- 
ing strategy, where the duration of each top power irradia- 
tion is modified in accordance with a desired length nT of a 
pit to be formed and a length of a preceding land. Here, "K" 
is a constant. "a(nT) M represents an amount of fine adjust- 
ment per pit length which is to be added to the end of each 
top power irradiation period to delay termination of the top 
power irradiation, and at least 

ct(37)*a(47)£ar57), . . . ,^a(87) 
(a(37)>a(87)) 



[0004] Further, "p(mT)" represents an amount of fine 
adjustment for each preceding land's length which is to be 
added to the beginning of each top power irradiation period 
to delay a start of the top power irradiation, and at least 

P(37)Sp(47)*K57), . . . ^P(87) 
((S(37>P(87)) 

[0005] Furthermore, the assignee of the present applica- 
tion has proposed another form of recording power modu- 
lation in Japanese Patent Application No. HEI -8 -233596, in 
accordance with which the top power level or value is 
increased by 1 mW for a 5T period at the beginning of each 
pit-forming top power irradiation period, as shown in FIG. 
3, to thereby minimize unwanted jitter and pit deviation (i.e., 
deviation from predetermined or accurate pit lengths). 

[0006] Time resolution (i.e. , smallest time-variable 
amount) of the above-mentioned fine adjustment amounts a 
(nT) and p(mT) depends on an oscillation frequency of a 
crystal oscillator employed. For example, where a crystal 
oscillator of a 33.8 MHz oscillation frequency is used to 
generate 276-MHz clock pulses through electric circuit 
processing of "33.8x4x(98/96)x2", there is achieved a time 
resolution of ¥z76 MHz-3.6 ns. Such time resolution may be 
sufficient at low recording speeds; however, as the recording 
speed is increased, the length of IT becomes smaller and 
hence the ratio of the time resolution relative to the IT time 
length becomes considerably greater. Thus, in the prior art, 
it was not possible to set the fine adjustment amounts a(nT) 
and fS(mT) such that the jitter, deviation and error rate fall 
within permissible ranges. 

[0007] For instance, when recording is effected in the 
six -times-speed recording mode, the time length of IT is 
38.55 ns. (231.3 ns./6), and the 3.6 ns. time resolution 
amounts to 3.6/38.55-0.09 T; that is, the fine adjustment 
amounts a(nT) and fJ(mT) in this case can be set in steps of 
0.09T. FIGS. 4 and 5 show measurements of jitter in a 3T 
land and deviation of a 3T pit when recording was effected 
with this time resolution, on an optical disk containing 
phthalocyanine and made by a certain manufacturer, in the 
six-times-speed recording mode using the laser power 
modulation of FIG. 3 with a basic strategy of "(n-0.2)T+ 
(n)-0.09T\ In FIGS. 4 and 5, curve A represents a char- 
acteristic when a(3T) was set to "0", curve B represents a 
characteristic when a (3T) was set to "0.09T" and curve C 
represents a characteristic when ct(3T) was set to "0.1 9T". 
Horizontal axis p(%) represents a standardized parameter 
for asymmetry of reproduced waveform which is different 
from the fine adjustment amount p(mT). 

[0008] It is required that the jitter of the 3T land be 35 or 
less in a 0-8% range of the parameter p(%) and the deviation 
of the 3Tpitbe 40 or less in the 0-8% range of the parameter 
P(%). In the example of FIG. 4, the 3T-land's jitter condi- 
tion was optimized when a(3T) was "0.1 9T" (curve C); 
however, in the example of FIG. 5, the 3T-pit's deviation 
exceeded the upper allowable limit of 40. Further, when 
a(3T) was "0.09T" (curve B), the 3T-pit's deviation fell 
within the permissible range but the the 3T-land's jitter 
proved considerably less favorable than when a(3T) was 
"0.19T* (curve C). 

[0009] With the prior art, it was not possible to set the fine 
adjustment amounts a(nT) and p(mT) that optimize the 
jitter, deviation, error rate, etc., because the time resolution 
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of the adjustment amounts ct(nT) and p(mT) would become 
lower as the recording speed is raised, as stated above. The 
fine adjustment amounts a(nT) and p(mT) may be set to 
optimum values by raising the oscillation frequency of the 
crystal oscillator to thereby provide higher time resolution; 
however, raising the oscillation frequency of the crystal 
oscillator would undesirably lead to a higher cost of the 
device. 

[0010] The adjustment amounts cc(nT) and p(mT) in the 
aforementioned "(n-K)T+a(nT)" and "(a-K)T+cx(nT)- 
p(mT)" recording strategies are intended to achieve 
improved quality of recording signals, such as less jitter, by 
canceling errors that would be caused, at the beginning or 
fore end of the pits (i.e., the rear end of the lands) and at the 
rear end of the pits (i.e., the beginning of the lands), due to 
a difference in the amount of heat flowing from a preceding 
recorded portion. However, modulation by the adjustment 
amounts a(nT) and p(mT) alone could not provide a suffi- 
ciently improved quality of recording signals; rather, the 
recording signal quality would be deteriorated as the pits and 
lands are made smaller in length such as in high-density 
recording, 

SUMMARY OF THE INVENTION 
[0011] It is therefore an object of the present invention to 
provide an optical disk recording device which achieves 
improved quality, such as less jitter and deviation and a 
lower error rate, of recording signals in high-speed record- 
ing, without having to raise time resolution of fine adjust- 
ment amounts employed for laser power modulation. 

[0012] It is another object of the present invention to 
provide an optical recording method which achieves 
improved quality of recording signals. 

[0013] According to an aspect of the present invention, 
there is provided an optical disk recording device for form- 
ing pits and lands based on a mark -length recording scheme 
by irradiating a laser light beam onto a recording surface of 
an optical disk, the laser light beam being set to a top power 
value capable of forming a pit for each pit-forming section 
and set to a bottom power value incapable of forming a pit 
for each land-forming section between the pit-forming sec- 
tions, which comprises a control unit that, in recording at a 
speed higher than a normal speed, performs: control to cause 
end timing of a top power irradiation period of the laser light 
beam to differ from predetermined end timing of a pit to be 
formed by a specific amount depending on a desired length 
of the pit or to cause start timing of the top power irradiation 
period of the laser light beam to differ from predetermined 
end timing of a land to be formed by a specific amount 
depending on a desired length of the land; and control to 
form and impart a top -power-increasing additional pulse to 
a portion of the top power irradiation period to temporarily 
increase a value of the top power value by an amount smaller 
than a difference between the top power value and the 
bottom power value and also to vary a time length of the 
additional pulse in accordance with the desired length of the 
pit, and/or, control to form and impart a bottom-power-off 
pulse to a portion of each land-forming bottom power 
irradiation period of the laser light beam to temporarily 
decrease a value of the bottom power value by an amount 
smaller than a difference between the top power value and 
the bottom power value and also to vary a lime length of the 
bottom -power-off pulse in accordance with the desired 
length of the land. 



[0014] Making longer the duration of the top-power-in- 
creasing additional pulse increases the energy to be applied 
for forming a pit, so that the pit would be formed with its rear 
end expanded or located farmer from its leading or fore end. 
Conversely, making shorter the duration of the top-power- 
increasing additional pulse decreases the necessary energy 
for forming a pit, so that the pit would be formed with its rear 
end contracted or located closer to its fore end. If the power 
increase of the top-power-increasing additional pulse over 
the remaining portion of the top power irradiation period is 
smaller than the difference between the top power level and 
the bottom power level, the energy value of the top-power- 
increasing additional pulse per time resolution can be 
smaller than the energy value of the top power per time 
resolution (i.e., energy value for the fine adjustment amount 
a(nT) per time resolution). Thus, even where the top -power- 
increasing additional pulse and the fine adjustment amount 
a(nT) are of the same time resolution, the amount of energy 
to be applied can be adjusted more finely by controlling the 
duration of the top-power-increasing additional pulse rather 
than controlling the adjustment amount a(nT), which allows 
the location of the pit's rear end to be adjusted finely. As a 
consequence, the pit's rear end can be formed at an accurate 
location by first roughly adjusting the fine adjustment 
amount a(nT) for the overall duration of the top power 
irradiation period and then further adjusting the duration of 
the top-power- increasing additional pulse. 

[0015] Making longer the duration of the bottom-power- 
off pulse decreases the energy to be applied for forming a 
land, so that the land would be formed with its rear end (i.e., 
the fore end of a following pit) expanded rearward, i.e., 
located farther from its fore end. Conversely, making shorter 
the duration of the bottom-power-off pulse decreases the 
energy to be applied for forming a land, so that the land 
would be formed with its rear end contracted forward, i.e., 
located closer to its fore end. If the power decrease of the 
bottom-power-off pulse over the remaining portion of the 
bottom power irradiation period is smaller than the differ- 
ence between the top power level and the bottom power 
level, the energy value of the bottom-power-off pulse per 
time resolution can be smaller than the energy value of the 
bottom power per time resolution (i.e., energy value for the, 
fine adjustment amount p(mT) per time resolution). Thus, 
even where the bottom -power-off pulse and the fine adjust- 
ment amount p(mT) are of the same time resolution, the 
amount of energy to be applied can be adjusted more finely 
by controlling the duration of the bottom-power-off pulse 
rather than controlling the adjustment amount p(mT), which 
allows the location of the land's rear end to be adjusted 
finely. As a consequence, the land's rear end can be formed 
at an accurate location by first roughly adjusting the fine 
adjustment amount p(mT) for the overall duration of the 
bottom power irradiation period and then further adjusting 
the duration of the bottom-power-off pulse. 

[0016] By thus adjusting the duration of the top-power- 
increasing additional pulse and/or bottom-power-off pulse, it 
is possible to improve various characteristics of recording 
signals, such as jitter, deviation, error rate, etc. Although the 
present invention may be arranged to perform, in addition to 
the above-mentioned control, control to vary the increase of 
the top-power-increasing additional pulse according to the 
length of each pit to be formed or the decrease of the 
bottom-power-off pulse according to the length of each land 
to be formed, the increase of the top-power-increasing 
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additional pulse can be made the same for every pit or the 
decrease of the bottom -power-off pulse can be made the 
same for every land, in which case it is no longer necessary 
to variably control the power increase or decrease and there 
remains only the need to control the duration of the top- 
power-increasing additional pulse or bottom-power-off 
pulse. This alternative arrangement can facilitate the neces- 
sary control as a whole. 

[0017] Although the top-power-increasing additional 
pulse may be imparted to any desired portion of the top 
power irradiation period, it will be more advantageous if the 
additional pulse is imparted to the beginning of the top 
power irradiation period because the necessary timing con- 
trol is significantly facilitated as compared to a situation 
where the additional pulse is imparted to some intermediate 
or mid point of the irradiation period. In addition, because 
the intensity of the top power irradiation tends to be greater 
at its beginning than at its end, imparting the additional pulse 
to the beginning of the top power irradiation period allows 
the fore end of a pit to be formed at a more accurate location 
than imparting the additional pulse to the end of the irra- 
diation period and also prevents the pit's rear end from being 
excessively expanded in width. Similarly, although the bot- 
tom-power-off pulse may be imparted to any desired portion 
of the bottom power irradiation period, it will be more 
advantageous if the off pulse is imparted to the beginning of 
the bottom power irradiation period because the necessary 
timing control is significantly facilitated as compared to a 
situation where the off pulse is imparted to some interme- 
diate point of the irradiation period. In addition, imparting 
the off pulse to the beginning of the bottom power irradiation 
period allows the rear end of a land to be formed at a more 
accurate location than imparting the off pulse to the end of 
the irradiation period, because the power intensity drops 
suddenly after termination of the top power irradiation. It 
will also be appreciated that the top-power-increasing addi- 
tional pulse may be applied only for some of various pit 
lengths rather than for every such pit length and the bottom- 
power-off pulse may be applied only for some of various 
land lengths rather than for every such land length, 

[0018] Experiment carried out by the inventor has discov- 
ered that influences of laser light heat, on a particular pit, not 
only from the front but also from the rear (i.e., a portion 
recorded after the particular pit) tend to cause positional 
errors in the fore and rear ends of the pit when formed by the 
laser light beam and lead to poor signal quality such as a less 
favorable jitter characteristic. 

[0019] In view of the foregoing, the present invention is 
characterized primarily by modifying the timing to start 
top -power or recording-power irradiation of the laser light 
beam for initiating formation of a pit (i.e., "recording-power 
irradiation start liming") in accordance with the length of the 
pit to be formed, or the timing to end recording-power 
irradiation of the laser light beam for initiating formation of 
a land (i.e., "recording-power irradiation end timing") in 
accordance with the length of the land to be formed. 

[0020] Namely, according an aspect of the present inven- 
tion, there is provided an optical disk recording method 
which comprises a step of modifying recording-power irra- 
diation start timing of a laser light beam, to start formation 
of a pit, according to a length of the pit, which is charac- 
terized by, when a pit of a relatively great length is to be 



formed, delaying the recording-power irradiation start tim- 
ing as compared to when a pit of a smaller length is to be 
formed, as long as respective lands immediately preceding 
the pit of a relatively great length and the pit of a smaller 
length have a substantially same length. As known in the art, 
more laser light heat tends to accumulate in the optical disk 
as the length of a pit to be formed becomes greater, which 
would result in the pit's fore end being undesirably 
expanded forward. In the present invention, however, the 
arrangement of delaying the recording-power irradiation 
start timing for formation of a relatively long pit as com- 
pared to formation of a shorter pit can cancel the tendency 
of heat accumulation. Thus, the present invention allows the 
fore end of the pit to be formed accurately at a predeter- 
mined position and can significantly reduce unwanted jitter 
and deviation, thereby achieving enhanced quality of record- 
ing signals. 

[0021] The present invention also provides an optical disk 
recording method which comprises a step of modifying 
recording-power irradiation end timing of the laser light 
beam, to start formation of a land, according to a length of 
the land, which is characterized by, when a land of a 
relatively small length is to be formed, advancing the 
recording-power irradiation end timing as compared to when 
a land of a greater length is to be formed, as long as 
respective pits immediately preceding the land of a rela- 
tively great length and the land of a smaller length have a 
substantially same length. When a land of a relatively small 
length is formed, the heat of the laser light beam used for 
forming a next pit tends to transfer via the land to a 
preceding pit, which would result in the preceding pit's rear 
end being undesirably expanded rearward away from its fore 
end. In the present invention, however, the arrangement of 
advancing the recording-power irradiation end timing for 
formation of a relatively short land as compared to forma- 
tion of a longer land can cancel the tendency of forward heat 
transfer. Thus, the present invention allows the rear end of 
the land to be formed accurately at a predetermined position 
and can significantly reduce unwanted jitter and deviation, 
thereby achieving enhanced quality of recording signals. 

[0022] Generally, of all pits or lands of 3T-11T lengths 
recorded in a given optical disk in accordance with the 
CD-WO standard or the like, 4T pits or lands account for 
about 30%, pits or lands shorter than 4T account for about 
36%, and pits or lands longer than 4T account for about 
34%. Thus, in a preferred implementation of the present 
invention, the recording-power irradiation start timing for 
formation of a pit or land of the 4T length is set to 
predetermined reference timing with no modification, the 
recording-power irradiation start or end timing for formation 
of a pit or land shorter than the 4T length is advanced ahead 
of the reference timing, and the recording-power irradiation 
start timing for formation of a pit or land longer than the 4T 
length is delayed behind the reference timing. With this 
arrangement, necessary modification amounts for the 
recording-power irradiation start and end timing can be 
minimized to a near-zero value, so that it is possible to 
prevent d.c. components in reproduced signals from being 
increased due to the timing modification. More specifically, 
when a pit or land of the 3T length is to be formed, the 
recording-power irradiation start or end timing may be 
advanced ahead of the reference timing by an amount 
ranging from 0 to 12% of the IT length, and when a pit or 
land of a length between 5T and 11T is to be formed, the 
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recording-power irradiation start or end timing may be 
delayed behind the reference timing by an amount ranging 
from 0 to 6% of the IT length. 

[0023] According to another aspect of the present inven- 
tion, there is also provided an optical disk recording method 
comprising: a step of modifying recording-power irradiation 
start timing of a laser light beam, to start formation of a pit, 
according to a combination of lengths of a pit to be formed 
and a land immediately preceding the pit; and a step of 
modifying recording-power irradiation end timing of the 
laser light beam, to start formation of a land, according to a 
combination of lengths of a land to be formed and a pit 
immediately preceding the land. The above-mentioned step 
of modifying recording-power irradiation start timing of the 
laser light beam includes a step of, when a pit of a relatively 
great length is to be formed, delaying the recording-power 
irradiation start timing as compared to when a pit of a 
smaller length is to be formed as long as respective lands 
immediately preceding the pit of a relatively great length 
and the pit of a smaller length have a substantially same 
length and also, when a land of a relatively small length is 
to be formed, delaying the recording-power irradiation start 
timing as compared to when a land of a greater length is to 
be formed. The above-mentioned step of modifying record- 
ing-power irradiation end timing of the laser light beam 
including a step of, when a land of a relatively small length 
is to be formed, advancing the recording-power irradiation 
end timing as compared to when a land of a greater length 
is to be formed as long as respective pits immediately 
preceding the land of a relatively small length and the land 
of a greater length have a substantially same length and also, 
when a pit of a relatively great length is to be formed, 
advancing the recording-power irradiation end timing as 
compared to when a pit of a smaller length is to be formed. 

[0024] With the arrangement that the timing modification 
is performed according to a combination of lengths of a pit 
to be formed and a land immediately preceding the pit and 
a combination of lengths of a land to be formed and a pit 
immediately preceding the land, the pit's fore and rear ends 
can be formed more accurately at their respective predeter- 
mined, and unwanted jitter and deviation can be signifi- 
cantly reduced, which thereby achieves enhanced quality of 
recording signals. 

[0025] According to still another aspect of the present 
invention, there is also provided an optical disk recording 
device comprising: a storage unit that stores various modi- 
fication amounts for recording-power irradiation start timing 
of the laser light beam, to start formation of a pit, corre- 
sponding to various combinations of lengths of a pit to be 
formed and a land immediately preceding the pit, and 
various modification amounts for recording-power irradia- 
tion end timing of the laser light beam, to start formation of 
a land, corresponding to various combinations of lengths of 
a land to be formed and a pit immediately preceding the 
land; and a control unit that detects, from an input recording 
signal, combinations of lengths of a pit and a land imme- 
diately preceding the pit and lengths of a land and a pit 
immediately preceding the land, reads out from the storage 
unit one of the modification amounts for recording-power 
irradiation start timing or the modification amounts for 
recording-power irradiation end timing which corresponds 
to one of the detected combinations, and modifies the 
recording-power irradiation start timing or the recording- 



power irradiation end timing relative to predetermined ref- 
erence timing by an amount corresponding to the read-out 
modification amount. 

[0026] One of the modification amounts for recording- 
power irradiation start timing or the modification amounts 
for recording-power irradiation end timing, corresponding to 
one of the detected combinations of pit and land lengths, is 
read out from the storage unit. With this arrangement, both 
the recording-power irradiation start timing and the record- 
ing-power irradiation end timing can be modified, during 
recording, without involving complicated arithmetic opera- 
tions for determining appropriate modification amounts, 
which thus permits appropriate high-speed recording. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] For better understanding of the above and other 
features of the present invention, preferred embodiments of 
the invention will hereinafter be described in greater detail 
with reference to the accompanying drawings, in which: 

[0028] FIG. 1 is a control block diagram showing record- 
ing control performed by a system controller in an optical 
disk recording device in accordance with an embodiment of 
the present invention; 

[0029] FIG. 2 is a waveform diagram showing a power 
variation, over time, of a laser light beam employed in prior 
art; 

[0030] FIG. 3 is a waveform diagram showing a power 
variation, over time, of the laser light beam employed in 
prior art to which a top-power- increasing additional pulse 
was imparted to each top power irradiation period; 

[0031] FIG. 4 is a diagram showing a jitter characteristic 
of a 3T land when recording was executed using the laser 
light beam of FIG. 3; 

[0032] FIG. 5 is a diagram showing a deviation charac- 
teristic of a 3T pit when recording was executed using the 
laser light beam of FIG. 3; 

[0033] FIG. 6 is a block diagram showing a general 
hardware setup of an optical disk recording/reproducing 
device of to which the present invention is applied; 

[0034] FIG. 7 is a diagram showing an exemplary varia- 
tion, over time, in power value of a recording light beam 
employed in the present invention, as well as respective 
shapes of pits and lands formed in and on the recording 
surface of an optical disk by use of the laser light beam; 

[0035] FIG. 8 is a diagram showing a jitter characteristic 
of a 3T land when recording was executed using the laser 
light beam of FIG. 7; 

[0036] FIG. 9 is a diagram showing a deviation charac- 
teristic of a 3T pit when recording was executed using the 
laser light beam of FIG. 7; 

[0037] FIG. 10 is a waveform diagram explanatory of 
control for modifying recording-power irradiation start tim- 
ing of the laser light beam according to a length of a pit to 
be next formed; 

[0038] FIG. 11 is a waveform diagram explanatory of 
control for modifying recording-power irradiation end lim- 
ing of the laser light beam according to a length of a land to 
be next formed; 
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[0039] FIG. 12 is a waveform diagram explanatory of 
control for modifying the recording-power irradiation start 
timing of the laser light beam according to a combination of 
lengths of a currently-formed land and a pit to be next 
formed; 

[0040] FIG. 13 is a waveform diagram explanatory of 
control for modifying the recording-power irradiation end 
timing of the laser light beam according to a combination of 
lengths of a currently-formed pit and a land to be next 
formed; 

[0041] FIG. 14 is a waveform diagram showing an exem- 
plary manner in which a control unit of FIG. 1 modifies the 
recording-power irradiation start and end timing of the 
recording laser light beam; 

[0042] FIG. 15 is a diagram showing pit jitter character- 
istics presented in one case where the modification of the 
recording-power irradiation start timing according to next 
pit and land lengths was performed and in another case 
where such modification was not performed; and 

[0043] FIG. 16 is a diagram showing land jitter charac- 
teristics presented in one case where the modification of the 
recording-power irradiation start timing according to next 
pit and land lengths was performed and in another case 
where such modification was not performed. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0044] Referring first to FIG. 6, there is shown a general 
hardware setup of an optical disk recording/reproducing 
device 1 to which the present invention is applied. In FIG. 
6, an input device 28 sets a recording speed in response to 
selection by a human operator. In response to an instruction 
from a system controller 19, a disk servo circuit 16 controls 
a spindle motor 12 to rotate at a constant linear velocity at 
the recording speed set via the input device 28. Specifically, 
the spindle motor 12 is controlled by the disk servo circuit 
16 so that it rotates at a linear velocity of 1.2-1.4 m/s in the 
normal (one-time) speed recording mode, two times as fast 
as the normal-speed linear velocity in the double -speed 
recording mode, four times as fast in the quadruple -speed 
recording mode, six time as fast in the six-times-speed 
recording mode, and so on. Because the CD-WO standard 
prescribes that the wobble in the pre-grooves of an optical 
disk 10 be of a frequency of 22.05 kHz, such control for 
constant linear velocity can be accomplished by detecting 
the wobble from output signals of an optical head 13 
(alternatively, the wobble may be detected from residual 
components of a tracking error signal) and then controlling 
the spindle motor 12 in a phase -locked-loop (PLL) fashion 
so that the wobble frequency falls within a predetermined 
frequency, e.g., 22.05 kHz in the normal speed recording 
mode, 44.1 kHz in the double-speed recording mode, or 88.2 
kHz in the quadruple-speed recording mode. 

[0045] Focusing and tracking servo circuit 18 performs 
focusing and tracking control of laser light emitted from a 
semiconductor laser provided within the optical head 13, in 
accordance with an instruction from the system controller 
19. The tracking control is effected by detecting the pre- 
grooves formed in the optical disk 10. Feed servo circuit 17 
drives a feed motor 20 to move the optical head 13 in the 
radial direction of the optical disk 13, in accordance with an 
instruction from the system controller 19. 



[0046] At a velocity corresponding to the user-selected 
recording speed, each input signal to be recorded on the 
optical disk (CD-WO disk) 10 is fed to a recording-signal 
generating circuit 22 directly if the input signal is in digital 
form or by way of an A/D converter 24 if the input signal is 
an analog signal such as an audio signal. The recording- 
signal generating circuit 22 has the input data interleaved 
and adds, to the input data, error check codes as well as TOC 
(Table-Of-Contents) and subcode information generated by 
a TOC/subcode generating circuit 23. Then, the recording- 
signal generating circuit 22 EFM -modulates the data to 
generate serial data in a CD-standard format and at a transfer 
rate corresponding to the selected recording speed and 
outputs the thus-generated serial data as a recording signal. 

[0047] The recording signal from the generating circuit 22 
is sent via a drive interface 15 to a recording-signal modi- 
fying circuit 26, where it is subjected to modulation based on 
a laser power modulating strategy selected on the basis of 
various characteristics of the optical disk employed, such as 
a manufacturer of the disk and coloring material used in the 
disk, linear velocity, selected recording speed and the like. 
The thus-modulated recording signal is passed to a laser 
light generating circuit 25, which drives the semiconductor 
laser in the optical head 13 in accordance with the recording 
signal so that a laser light beam is irradiated onto a recording 
surface of the optical disk 10 to form pits for recording of 
desired information. At that time, a predetermined power 
value, corresponding to the selected recording speed and, if 
necessary, to the linear velocity as well, is designated for the 
laser light beam, and the laser light beam is controlled by an 
automatic laser power control (ALPC) circuit to have the 
designated power value with high precision. In this way, data 
are recorded on the optical disk 10 in the CD-standard 
format and at the CD-standard transfer rate and linear 
velocity (1.2-1.4 m/s). 

[0048] Then, as a reproducing laser light beam, lower in 
power value than the recording laser light beam, is irradiated 
onto the optical disk 10 for reproduction of the recorded 
data, each data read out from the disk 10 is demodulated by 
a signal reproducing circuit 30 and output directly as a 
digital signal or as an analog signal after conversion by a 
D/A converter 31. 

[0049] FIG. 1 is a control block diagram showing the 
recording control performed by the system controller 19 of 
FIG. 6. In FIG. 1, a recording speed setting unit 28 
corresponds to the input device 28 of FIG. 6, which sets a 
recording speed (xl, x2, x4, x6 or the like) selected by the 
human operator. Disk identifying unit 32 identifies the type 
and linear velocity of the optical disk 10 set in the optical 
recording device. The disk type can be identified from, for 
example, pre-recorded disk ID information on the optical 
disk 10 which includes a piece of information representative 
of the disk type. Further, the linear velocity can be identified, 
for example, on the basis of a recording time length (such as 
63 or 74 minutes or other time lengths between the 
63- minute and 74-minute lengths) represented by an ATIP 
signal recorded in the lead-in area of the disk, or can be 
calculated on the basis of outputs from an encoder counting 
the rotations of the spindle motor; for example, the linear 
velocity is 1.4 m/s for the 63-minute recording time and 1.2 
m/s for the 74-minute recording time. 

[0050] Recording strategy storage unit 34 has stored 
therein optimum recording strategies, such as amounts of 
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time modulation and recording power values, in association 
with combinations of various disk types, linear velocities 
and recording speeds. Recording strategy selecting unit 36 
selects and reads out, from the recording strategy storage 
unit 34, one of the optimum recording strategies which 
corresponds to a combination of the identified disk type, 
linear velocity and recording speed. Control unit 38 controls 
the recording-signal modifying circuit 26, in accordance 
with the recording strategy read out from the storage unit 34, 
to modulate the lengths of pit-forming and blank-forming 
sections of the recording signal. The control unit 38 also 
controls the laser light generating circuit 25 so as to control 
the laser light power. In addition, the control unit 38 controls 
the disk servo circuit 16 so as to control the spindle motor 
12 to rotate at a rate corresponding to the selected recording 
speed. 

[0051] Set forth below are details of recording-power 
irradiation time control and recording power control that are 
performed by the control unit 38 of FIG. 1, for example, in 
the six- times-speed recording mode. Section (a) of FIG. 7 
shows an exemplary variation over time in the power value 
of the recording laser light beam which results from the 
control performed by the control unit 38, and section (b) of 
FIG. 7 shows respective shapes, as viewed in plan, of pits 
and lands formed in and on the recording surface of the 
optical disk as a result of such control. The control unit 38 
sets the laser light beam to a top power value Pt capable of 
forming a pit for each pit-forming section and to a bottom 
power value Pb incapable of forming a pit so as not to form 
a pit, i.e., so as to form a land, between the pit-forming 
sections. Further, a top-power-increasing additional pulse 40 
is formed and imparted to the beginning of a top power 
irradiation period Pt of the laser light beam, and a bottom- 
power-off pulse 42 is formed and imparted to the beginning 
of each bottom power irradiation period Pb of the laser light 
beam. In the embodiment, it is assumed that the top power 
irradiation period contains the duration of of the top-power- 
increasing additional pulse 40 and the bottom power irra- 
diation period contains the duration of the bottom -power-off 
pulse 42. 

[0052] The top-power-increasing additional pulse 40 is 
greater in peak value than the following portion of the top 
power irradiation Pt by an increase APt, and this power 
increase APt is set to be smaller than a difference between 
the top power value Pt and the bottom power value Pb 
(Pt-Pb). The power increase APt may be either constant 
(e.g., 1.5 mW) irrespective of the length of a pit to be 
formed, or variable in accordance with the length of a pit to 
be formed. Further, the bottom-power-off pulse 42 is smaller 
in value than the following portion of the bottom power 
irradiation Pb by a decrease APb, and this power decrease 
APb is set to be smaller than a difference between the top 
power value Pt and the bottom power value Pb (Pt-Pb). The 
power decrease APb in this embodiment is constant (e.g., 0 
mW) irrespective of the length of a pit to be formed; it may 
of course be set to any suitable finite value. 

[0053] In accordance with a desired length nT of a pit to 
be formed (n=l, 2, . . . , 11) and a length mT of a land 
immediately preceding the pit (m=l, 2, . . . , 11), the control 
unit 38 sets a time length of each of the top power irradia- 
tions of the laser light beam on the basis of a basic recording 
strategy of 

(n-K)T+a(nT)-P(mT), 



[0054] where "K" is a constant; 

[0055] "a(nl)" represents an amount of fine adjustment 
per pit length and, for example, 

a(37)£a(4r)£a(57), . . . 3a(87) 
(a(37>a(87)); 

[0056] "p(mT)" represents an amount of fine adjustment 
for each preceding land's length and, for example, 

(i(37^p(47)sp(57), - . . ,£P(87) 
K37>p(87)) 

[0057] In addition, the control unit 38 performs control to 
vary the duration or width ATt(nT) of the top -power- in- 
creasing additional pulse 40 in accordance with the desired 
length nTof the pit to be formed. Similarly, the control unit 
38 performs control to vary the duration or width ATb(mT) 
of the bottom -power-off pulse 42 in accordance with the 
desired length mT of the land to be formed. The widths 
ATt(nT) and ATb(mT) of the pulses 40 and 42 are set, for 
each of the pit lengths nT and land lengths mT, such that 
various conditions, such as jitter, deviation and error rate, of 
the pit or land are optimized when recording is executed in 
the six-times-speed recording mode using the aforesaid 
basic recording strategy. Alternatively, the above-mentioned 
variable control may be performed on either one of the 
widths ATt(nT) and ATb(mT) of the top-power-increasing 
additional pulse 40 and bottom-power-off pulse 42. 

[0058] Basic recording strategy containing the top power 
and bottom power values Pt and Pb and various parameters 
ATt(nT), ATb(mT), APt and APb of the top-power- increas- 
ing additional pulse 40 and bottom-power-off pulse 42 are 
set for each of the disk types and recording speeds and, if 
necessary, linear velocities as well, and they are stored in the 
recording strategy storage unit 34 of FIG. 1. In recording, 
the basic recording strategy and, various parameters 
ATt(nT), ATb(mT), APt and APb of the top-power- increas- 
ing additional pulse 40 and bottom-power-off pulse 42 
corresponding to the type of the disk used and selected 
recording speed (and, if necessary, linear velocity) are read 
out from the recording strategy storage unit 34, in accor- 
dance with which the recording-signal modifying circuit 26 
and laser light generating circuit 25 of FIG. 1 are controlled 
by the control unit 38. Specifically, the recording-signal 
modifying circuit 26 is controlled in accordance with time 
information of the read-out basic recording strategy, and the 
laser light generating circuit 25 is controlled in accordance 
with the read-out top power and bottom power values Pt and 
Pb and various parameters ATt(nT), ATb(mT), APt and APb 
of the top-power-increasing additional pulse 40 and bottom- 
power-off pulse 42. Then, a recording laser light beam is 
irradiated from the optical head 13 onto the recording 
surface of the optical disk 10 so that 3T-11T pits and lands 
are formed on the optical disk 10 for recording of desired 
information. Note that the time adjustment amounts a (nT), 
p(mT), ATt(nT), ATb(mT) are of same time resolution; for 
example, the time resolution is 3.6 ns. when clock pulses of 
276 MHz are generated through the "33.8x4x(98/96)x2" 
circuit processing using a crystal oscillator of 33.8 MHz, and 
this time resolution corresponds to a 0.09T lime length in the 
six-times-speed recording mode. 

[0059] The following paragraphs describe a specific 
example of recording actually performed by the optical disk 
recording device of the present invention. In this example, 
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recording is performed on an optical disk containing phtha- 
locyaninc, similar to that used in the above-described mea- 
surements of FIGS. 4 and 5, using the same basic recording 
strategy of "(n-0.2)T+o(nT)-0.09T' as the above-described 
measurements and also with the top power Pt and bottom 
power Pb set to the same values as in the measurements. The 
width ATt(nT) of the top-power-increasing additional pulse 
40 was set as follows in accordance with a desired length nT 
of a pit to be formed: 

A7Y(37>1.5r 

A7Y(47) to ATLClirHl.Or 

[0060] Further, the increase API of the top-power- increas- 
ing additional pulse 40 was set to 1.5 raW for each pitch 
length. In addition, the width ATb(mT) of the bottom- 
power-off pulse 42 was set to LOT, and the decrease APb of 
the pulse 42 was set to Pb; namely, the absolute power value 
of the off pulse 42 was set to 0 mW. 

[0061] FIGS. 8 and 9 show measurements of jitter in a 3T 
land and deviation of a 3T pit which were obtained by 
playing back the optical disk having been recorded under the 
above-mentioned conditions. Curves A, B and C in FIGS. 8 
and 9 are the same as curves A, B and C in FIGS. 4 and 5, 
while curve D in FIGS. 8 and 9 represents characteristics 
unique to the recording of the present invention. As seen 
from curve D, the jitter characteristic in the 3T land have 
been greatly improved with the deviation of the 3T pit 
falling properly within a permissible range. 

[0062] It should be appreciated that although the present 
invention is particularly useful in high-speed recording, e.g., 
at the six-times or higher speed, the present invention is also 
applicable to less- fast recording at speeds higher than the 
normal speed but lower than the six-times speed. 

[0063] Now, a detailed description will be made herein- 
below about how irradiation time of the laser light beam is 
controlled by the control unit 38 of FIG. 1. 

[0064] [1] Modification of Recording-power Irradiation 
Start Timing of Laser Light Beam According to a Next Pit 
Length 

[0065] As generally known, more laser light heat tends to 
accumulate in the optical disk as the length of a pit to be 
formed becomes greater, which would result in the pit's fore 
end being undesirably expanded forward. To avoid such an 
inconvenience in forming a relatively long pit, the control 
section 38 delays the recording-power irradiation start tim- 
ing of the laser light beams as compared to a case where a 
pit of a smaller length is to be formed. FIG. 10 shows 
exemplary variations in a modification amount Y(m, n) of the 
recording-power irradiation start timing, relative to prede- 
termined reference timing (i.e., unmodified timing), accord- 
ing to the length nT of a pit to be next formed, where it is 
assumed that the length mT of a currently-formed land is 
constant. In FIG. 10, the amplitude of each waveform 
represents laser power intensity, "Pt" a top power level 
capable of recording information (recording power level), 
and "Pb" a bottom power level capable of reproducing 
recorded information but incapable of recording information 
(reproducing power level). The modification amount "y(m, n) 
is set to satisfy conditions of the following mathematical 
expressions (1) to (4) and its value (%) is a proportion 
relative to the time length of IT: 



[0066] when the length of the next pit is 3T: 

-12%SY(3^)Sy(4^)S . . . ^7(11,3)^0% 
( Y (3,3)<y(11,3) (1) 

[0067] when the length of the next pit is 4T: 

y (3,4)-y(4,4) . . . y(H,4)-0% (2) 

[0068] when the length of the next pit is within a range of 
5T to 11T: 

6%a Y (3,«)^(V0£ • • ■ *Y(U/0^0% (r(3/0>Y(H, 

«) P) 

[0069] when the length mTof the current land is constant: 

-12%§Yfa3)£if(«,4) 
"0%§Y(^5)gY(^6)= • • ■ 

(y(m,3)<Y(m,ll)) (4) 

[0070] [2] Modification of Recording-power Irradiation 
End Timing of Laser Light beam According to a Next Land 
Length 

[0071] When a land of a relatively small length is formed, 
the heat of the laser light beam used for forming a next pit 
tends to transfer via the land to a preceding pit, which would 
result in the preceding pit's rear end being undesirably 
expanded rearward away from its fore end. To avoid such an 
inconvenience in forming a relatively short land, the control 
section 38 advances the recording-power irradiation end 
timing of the laser light beam as compared to a case where 
a longer land is to be formed. FIG. 11 shows exemplary 
variations in a modification amount X(m, n) of the recording- 
power irradiation end timing, relative to predetermined 
reference timing according to the length T of a land to be 
next formed, where it is assumed that the length nT of a 
currently-formed pit is constant. In FIG. 11, the modifica- 
tion amount >^(n, m) is set to satisfy conditions of the 
following mathematical expressions (5) to (8) and its value 
(%) is a proportion relative to the time length of IT: 

[0072] when the length of the next land is 3T: 

-12%^M33)^4,3)^ . . . §^(11,3)^0% 
(M3,3)<M11,3) (5) 

[0073] when the length of the next land is 4T: 

X(3,4)-X(4,4) . . . \(ll f 4)-0% (6) 

[0074] when the length of the next land is within a range 
of 5T to 11T: 



6%^X(3,m)SX(4,m)^ . . . Mll,m)*Q% (X(3, 
m)>X(ll^j) 



CO 



[0075] when the length nT of the current pit is constant: 

-12%^X(n,3)^X(rt J 4) 

(M^-cX^H)) (8) 

[0076] [3] Modification of Recording-power Irradiation 
Start Timing.of Laser Light Beam According to a Preceding 
Land Length and Modification of Recording-power Irradia- 
tion End Timing of Laser Light Beam According to a 
Current Pit Length 

[0077] The control unit 38 controls the duration of the top 
power irradiation in accordance with the length nT of a pit 
to be formed and the length mT of a land immediately 
immediately preceding the pit, using the previously 
described "(n-K)T+a(nl")-p(mT)" recording strategy", 
where "K" is a constant, 
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[0078] "a(nT)" represents an amount of modification per 
pit length which is to be added to the end of each top power 
irradiation period to delay termination of the top power, and 
at least 

a(3T)^a(4T)^a(5T) ) . . . ,*a(87) (a(37>a(87)) (9) 
[0079] "p(mT)" represents an amount of modification for 
each preceding land length which is to be added to the 
beginning of each top power irradiation period to delay a 
start of the top power, and at least 

P(37)i*p(47)2;(J(57), . . . ,sp(87) (P(37)>P(87)) (10) 

[0080] The control unit 38 of FIG. 1 performs the control, 
as described in items [1], [2] and [3] above, in combination. 
Namely, to control the timing to start recording-power 
irradiation of the laser light beam, the control unit 38 
executes modification by a sum of the modification amount 
p(mT) based on the current land length and the modification 
amount X(m, n) based on the next pit length, as shown in 



FIG. 12. To control the timing to end the recording-power 
irradiation of the laser light beam, the control unit 38 
executes modification by a sum of the modification amount 
a(n1^ based on the current pit length and the modification 
amount X(n, m) based on the next land length, as shown in 
FIG. 13. 

[0081] Mo specifically, for these purposes, sums of the 
modification amounts P(mT)+X(m, n) for the irradiation 
start timing, corresponding to various possible combinations 
of the current land length and next pit length, are prestored 
in the recording strategy storage unit 34 of FIG. 1, as 
exemplarily shown in table 1 below. Similarly, sums of the 
modification amounts a(nT)+X(n, m) for the irradiation end 
timing, corresponding to various possible combinations of 
the current pit length and next land length, are prestored in 
the recording strategy storage unit 34, as exemplarily shown 
in table 2 below. 

TABLE 1 



next 










current land 








pit 


3T 


4T 


5T 


6T 


7T 


8T 


9T 


10T 


11T 


3T 


P(3T) + 


P(4T) + 


P(5T) + 


P(6T) + 


P(70 + 


P(8T) + 


P(9TV 


P(](TO + 


p (n-0 + 




Y (3-3) 


Y (4-3) 


Y (5-3) 


Y (6-3) 


Y (7-3) 


Y (8-3) 


Y (9-3) 


Y (10.3) 


Y(H.3) 


4T 


P(3T) + 


p(4T0 + 


P(5T) + 


P(6TV 


P(7TV 


P(8T) + 


P(9TV 


P(iao + 


p (11T) + 




Y (3.4) 


Y (4-4) 


Y (5-4) 


Y (6-4) 


Y (7-4) 


Y (8.4) 


Y (9-4) 


Y (10-4) 


Y(ll-4) 


5T 


PPO + 


p(4T> + 


p(5T) + 


P(6T> + 


P(7I0 + 


P(8T) + 


P(9T) + 


P(10T> + 


P (11T> + 




7(3-5) 


Y (4-5) 


Y(5-5) 


Y (6-5) 


Y(7-5) 


Y (8-5) 


Y (9-5) 


Y (10-5) 


Y (11-5) 


6T 


P(3T) + 


P(4T) + 


P(5T) + 


P(6T) + 


P(7T) + 


P(8T) + 


P(9T0 + 


P(10T> + 


P (11T) + 




7(3.6) 


Y (4-6) 


Y (5.6) 


Y (6-6) 


y(7.6) 


Y (8-6) 


Y (9-6) 


Y (10-6) 


Y (11-6) 


7T 


p(3T) + 


P(4T) + 


P(5T) + 


P(6T> + 


P(7T) + 


p(8T) + 


P(?T> + 


P(ior> + 


P (11T) + 




Y(3-7) 


Y (4.7) 


Y(5>7) 


Y (6-7) 


Y(7-7) 


Y (8-7) 


y(9.7) 


Y (10.7) 


Y (11-7) 


8T 


p(3T) + 


P(4T0 + 


p(5T) + 


P(6T) + 


P(7T) + 


P(8T) + 


P(9TV 


P(iot> + 


P (11T) + 




Y (3-8) 


Y (4-8) 


Y (5-8) 


Y (6-8) 


Y (7-8) 


Y (8-8) 


Y (9.8) 


Y (10.8) 


Y (11-8) 


9T 


P(3"0 + 


P(4T) + 


P(5T) + 


P(6T) + 


P(7T) + 


PC8-0 + 


P(9T> + 


P(l(JO + 


p (li-O + 




Y (3-9) 


Y (4-9) 


Y (5-9) 


Y (6.9) 


Y (7.9) 


Y (8.9) 


Y (9.9) 


Y (10.9) 


Y (11-9) 


10T 


P(3*0 + 


P(4T0 + 


P(5T) + 


P(6TV 


P(70 + 


PC8T0 + 


P(9T> + 


P(ioro + 


p (11T) + 




Y (3.10) 


Y (4-10) 


Y (5.10) 


Y (6-10) 


Y (7-10) 


Y (8.10) 


Y (9-10) 


Y (10.10) 


Y (11-10) 


11T 


P(3"0 + 


P(4T) + 


P(5D + 


(5(610 + 


p(7T0 + 


(1(8-0 + 


P(9T> + 


P(icro + 


p (lit) + 




Y (3.H) 


Y (4.H) 


Y (5-11) 


Y (6.H) 


Y (7.H) 


Y (8-13) 


Y (9-11) 


Y (10.11) 


p (11.11) 



[0082] 

TABLE 2 



next current land 



pit 


3T 


4T 


5T 


6T 


7T 


8T 


9T 


10T 


11T 


3T 


a(3T) + 


a (4T) + 


a (5T) + 


a (6T) + 


a (7T) + 


a (ST) + 


a (9T) + 


a (10T) + 


a (11T) + 




X (3.3) 


X (4.3) 


X (5.3) 


X (6.3) 


X (7.3) 


X (8.3) 


X (9.3) 


X (10.3) 


A. (11.3) 


4T 


a(3T) + 


a (4T) + 


«(5D + 


a (6T) + 


a (7T) + 


a (81) + 


a(9T) + 


a (10T) + 


a (11T) + 




X (3.4) 


X(4.4) 


X (5.4) 


X (6.4) 


X (7.4) 


X (8.4) 


X (9.4) 


X (10.4) 


X (11.4) 


5T 


a (3T) + 


a(4T) + 


a (50 + 


a (6T) + 


a (7T) + 


a (8T) + 


a(90 + 


a (10O + 


a (11T) + 




X (3.5) 


X(4.5) 


X (5.5) 


X (6.5) 


X (7.5) 


X (8.5) 


X(9.5) 


X (10.5) 


X (11.5) 


6T 


a(3T) + 


a(4T) + 


a (50 + 


a (6T) + 


a (7T) + 


a (ST) + 


a(9T) + 


a (10T) + 


a (11T) + 




X(3.6) 


X (4.6) 


X(5.6) 


X (6.6) 


X(7.6) 


X (8.6) 


X(9.6) 


X (10.6) 


X(11.6) 


7T 


a(3T) + 


a(4T) + 


a(SO + 


a (6T) + 


a (7T) + 


a (8T) + 


a (9T) + 


a (10T) + 


a (11T) + 




X(3.7) 


X(4.7) 


X(5.7) 


X (6.7) 


X(7.7) 


X (8.7) 


X(9.7) 


X (10.7) 


X(11.7) 


8T 


a (3T) + 


a (4T) + 


a (50 + 


a (6T) + 


a (7T) + 


a (8T) + 


a (9T) + 


a (10T) + 


a (11T) + 




X (3.8) + 


X (4.8) 


X (5.8) 


X (6,8) 


X (7.8) 


X (8.8) 


X (9.8) 


X (10.8) 


X(11.8) 


9T 


a(3T) + 


a (4T) + 


a(SO + 


a (6T) + 


a (70 + 


a (8T) + 


a (9T) + 


a (10T) + 


a (11T) + 




X (3.9) 


X (4.9) 


X (5.9) 


X (6.9) 


X (7.9) 


X (8.9) 


X (9.9) 


X (10.9) 


X(11.9) 


1QT 


a (3T) + 


a (4T) + 


a (50 + 


a (6T) + 


a (7T) + 


a (8T) + 


a (9T) + 


a (10T) + 


a (UT) + 




X (3.10) 


X (4.10) 


X (5.10) 


X (6.10) 


X (7.10) 


X (8.10) 


X (9.10) 


X (10.10) 


X (11.10) 


11T 


a(3T) + 


a (4T) + 


a (5T) + 


a (6T) + 


a (7T) + 


a (8T) + 


a (9T) + 


a (10T) + 


a (11T) + 




X (3.11) 


X(4.11) 


X(5.11) 


X (6.11) 


X(7.11) 


X (8.11) 


X (9.11) 


X (10.11) 


X (11.11) 
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[0083] Thus, the control unit 38 detects a combination of 
a current land length and next pit length from each input 
recording signal and reads out, from the recording strategy 
storage unit 34, one of the modification amounts |5(mT)+ 
X(m, n) which corresponds to the detected combination, to 
thereby modify the recording-power irradiation start timing 
of the laser light beam by the read-out amount. Similarly, the 
control unit 38 detects a combination of a current pit length 
and next land length represented by the input recording 
signal and reads out, from the recording strategy storage unit 
34, one of the modification amounts ct(nT)+X(n, m) which 
corresponds to the detected combination, to thereby modify 



the recording-power irradiation end timing of the laser light 
beam by the read-out amount. 

[0084] FIG. 14 shows an exemplary manner in which the 
control unit 38 modifies the recording-power irradiation start 
and end timing of the laser light beam. In this figure, section 
"(a)" denotes a recording signal before the timing modifi- 
cation, section "b" denotes the recording signal having been 
modified by an amount KT, and section "c" denotes the 
recording signal having been modified by the amounts 
p(mT)+X(m, n) and a(nT)+X(n, m) to provide an ultimate 
laser driving signal. 

[0085] Tables 3 and 4 below shows example settings of the 
modification amounts (3(mT)+X(m, n) and a(nT)+K(n, m). 



TABLE 3 



next 










current land 










pit 


3T 


4T 


5T 


6T 


7T 


ar 


9T 


10T 




3T 


P(3T) + 


P(4T) + 


P(5T) + 


P(6T) + 


P(7T) + 


P(8T) + 


P(9T) + 


P(ior> + 


p (11T) + 




-9 


-3 


-3 


0 


0 


0 


0 


0 


0 


4T 


P(3T) + 


P(4T) + 


P(5T) + 


P(6T) + 


P(7T) + 


P(8T) + 


P(9T) + 


p(icro + 


P (11T) + 




0 


0 


0 


0 


0 


0 


0 


0 


0 


5T 


P(3T) + 


P(4T) + 


P(5T) + 


P(6T) + 


P(7T) + 


P(an) + 


P(9T) + 


p(10T) + 


P (11T) + 




3 


3 


3 


0 


0 


0 


0 


0 


0 


6T 


P(3T) + 


P(4T) + 


P(5T) + 


P(6T) + 


P(7T) + 


P(8T) + 


P(9T) + 


P(10T) + 


P (11T) + 




3 


3 


3 


0 


0 


0 


0 


0 


0 


7T 


P(3T) + 


P(4T) + 


P(5T) + 


P(6T) + 


P(7T) + 


P(8T) + 


P(9T) + 


P(10T) + 


P (11T) + 




3 


3 


3 


0 


0 


0 


0 


0 


0 


8T 


P(3D + 


P(4T) + 


P(5T) + 


P(6T) + 


P(7T) + 


p(ST) + 


p(9T) + 


p(iorr> + 


P (nio + 




3 


3 


3 


0 


0 


0 


0 


0 


0 


9T 


P(3T) + 


P(4T) + 


P(5T) + 


P(6T) + 


P(7I) + 


P(8T> + 


P(9T) + 


P(itm + 


p (11T) + 




3 


3 


3 


0 


0 


0 


0 


0 


0 


10T 


P(3T) + 


P(4T) + 


P(5T) + 


P(6T) + 


P(7T) + 


P (8D + 


P(9T) + 


P(10T) + 


P (11T) + 




3 


3 


3 


0 


0 


0 


0 


0 


0 


11T 


P(3T) + 


P(4T) + 


P(5T) + 


P(6T) + 


P(7T) + 


P(8T) + 


P(9T) + 


p(iono + 


P (11T) + 




3 


3 


3 


0 


0 


0 


0 


0 


0 



[0086] 

TABLE 4 



next current land 



pit 


3T 


4T 


5T 


6T 


7T 


8T 


9T 


10T 


11T 


3T 


a (3T) + 


a (4T) + 


a (5T) + 


a (6T) + 


a(7T) + 


a (ST) + 


a (9T) + 


a (10T) + 


a (111) + 




-6 


-3 


-3 


0 


0 


0 


0 


0 


0 


4T 


a(3T) + 


a(4T) + 


a(5T) + 


a (6T) + 


a(7T) + 


a (8T) + 


a (9T) + 


a (10T) + 


a (111) + 




0 


0 


0 


0 


0 


0 


0 


0 


0 


5T 


a (31) + 


a (4T) + 


a(5T) + 


a (6T) + 


a(7T) + 


a (8T) + 


a (9T) + 


a (10T) + 


a (111) + 




3 


3 


3 


0 


0 


0 


0 


0 


0 


6T 


a(3T) + 


a(4T) + 


a(5T> + 


a (6T) + 


a(7T) + 


a (8T) + 


a (9T) + 


a (10T) + 


a (11T) + 




3 


3 


3 


0 


0 


0 


0 


0 


0 


7T 


0(3*0 + 


a(4T) + 


a (5T) + 


a (6T) + 


a(7T) + 


a (ST) + 


a (9T) + 


a (lOT) + 


a (111) + 




3 


3 


3 


0 


0 


0 


0 


0 


0 


arr 


a (31) + 


a(4T) + 


a (5'D + 


a(^0 + 


a (71) + 


a (ST) + 


a (910 + 


a (101) + 


a (131) + 




3 


3 


3 


0 


0 


0 


0 


0 


0 


9T 


a(3T) + 


a (4T) + 


a (5T) + 


a (6T) + 


a (71) + 


a (8T) + 


a (9T) + 


a (10T) + 


a (111) + 




3 


3 


3 


0 


0 


0 


0 


0 


0 


10T 


a(3T) + 


a (4T) + 


a(5T) + 


a (6T) + 


a(7T) + 


a (8T) + 


a (9T) + 


a (10T) + 


a (11T) + 




3 


3 


3 


0 


0 


0 


0 


0 


0 


11T 


a (3T) + 


a (4T) + 


a (5T) + 


a (6T) + 


a(7T) + 


a (8T) + 


a (9T) + 


a (101) + 


a (13T) + 




3 


3 


3 


0 


0 


0 


0 


0 


0 
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[0087] The settings of the irradiation start and end timing 
modification amounts p^TJ+X^m, n) and a(nT)+X(n, m) 
shown in table 3 and table 4 were employed when recording 
was executed at the double speed on a high-density optical 
disk containing cyanine. Dotted-line curve in FIG. 15 
represents a pit jitter characteristic that was presented in the 
recording based on the settings, and a dotted-line curve in 
FIG. 16 represents a land jitter characteristic presented in 
that recording. Further, a solid-line curve in FIG. 15 repre- 
sents a pit jitter characteristic that was presented in the 
recording under the same conditions with the amounts X(m, 
n) and X(n, m) set to 0% (namely, using the modification 
amounts p(mT) and a(nT)) alone), and a solid-line curve in 
FIG. 16 represents a land jitter characteristic presented in 
that recording. Further, the horizontal axis p(%) represents 
a parameter defined by the CD-WO standard, which is 
different from the above-mentioned modification amount 
P(mT). 

[0088] As seen from FIGS. 15 and 16, the jitter could be 
reduced and hence the recording signal quality could be 
enhanced significantly in the case where the modification 
using the amounts K(m, n) and X(n, m) was performed as 
represented by the dotted line curves, as compared to 
another case where such modification was not performed at 
all as represented by the solid-line curve, 

[0089] Whereas the preferred embodiments have been 
described above as applied to the optical disk recording 
according to the CD-WO standard, the present invention 
may of course be applied other forms of optical disk 
recording according to other standards based on the mark- 
length recording scheme. 

What is claimed is: 

1. An optical disk recording device for forming pits and 
lands based on a mark- length recording scheme by irradi- 
ating a laser light beam onto a recording surface of an optical 
disk, the laser light beam being set to a top power value 
capable of forming a pit for each pit-forming section and set 
to a bottom power value incapable of forming a pit for each 
land-forming section between the pit-forming sections, said 
optical recording device comprising a control unit that, in 
recording at a speed higher than a normal speed, performs: 

control to cause end timing of a top power irradiation 
period of the laser light beam to differ from predeter- 
mined end timing of a pit to be formed by a specific 
amount depending on a desired length of the pit or to 
cause start timing of the top power irradiation period of 
the laser light beam to differ from predetermined end 
timing of a land to be formed by a specific amount 
depending on a desired length of the land; and 

control to form and impart a top-power-increasing addi- 
tional pulse to a portion of the top power irradiation 
period to temporarily increase a value of the top power 
value by an amount smaller than a difference between 
the top power value and the bottom power value and 
also to vary a time length of the top-power-increasing 
additional pulse in accordance with the desired length 
of the pit. 

2. An optical disk recording device for forming pits and 
lands based on a mark-length recording scheme by irradi- 
ating a laser light beam onto a recording surface of an optical 
disk, the laser light beam being set to a top power value 
capable of forming a pit for each pit-forming section and set 



to a bottom power value incapable of forming a pit for each 
land-forming section between the pit-forming sections, said 
optical recording device comprising a control unit that, in 
recording at a speed higher than a normal speed, performs: 

control to cause start timing of a top power irradiation 
period of the laser light beam to differ from predeter- 
mined end timing of a land to be formed by a specific 
amount depending on a desired length of the land or to 
cause end timing of the top power irradiation period of 
the laser light beam to differ from predetermined end 
timing of a pit to be formed by a specific amount 
depending on a desired length of the pit; and 

control to form and impart a bottom-power-off pulse to a 
portion of a bottom power irradiation period of the laser 
light beam to temporarily decrease a value of the 
bottom power value by an amount smaller than a 
difference between the top power value and the bottom 
power value and also to vary a time length of the 
bottom -power-off pulse in accordance with the desired 
length of the land. 

3. An optical disk recording device for forming pits and 
lands based on a mark-length recording scheme by irradi- 
ating a laser light beam onto a recording surface of an optical 
disk, the laser light beam being set to a top power value 
capable of forming a pit for each pit-forming section and set 
to a bottom power value incapable of forming a pit for each 
land-forming section between the pit-forming sections, said 
optical recording device comprising a control unit that, in 
recording at a speed higher than a normal speed, performs: 

control to cause end timing of a top power irradiation 
period of the laser light beam to differ from predeter- 
mined end timing of a pit to be formed by a specific 
amount depending on a desired length of the pit and to 
cause start timing of the top power irradiation period of 
the laser light beam to differ from predetermined end 
timing of a land to be formed by a specific amount 
depending on a desired length of the land; 

control to form and impart a top -power- increasing addi- 
tional pulse to a portion of the top power irradiation 
period to temporarily increase a value of the top power 
value by an amount smaller than a difference between 
the top power value and the bottom power value and 
also to vary a time length of the top-power-increasing 
additional pulse in accordance with the desired length 
of the pit; and 

control to form and impart a bottom-power-off pulse to a 
portion of a bottom power irradiation period of the laser 
light beam to temporarily decrease a value of the 
bottom power value by an amount smaller than a 
difference between the top power value and the bottom 
power value and also to vary a time length of the 
bottom-power-off pulse in accordance with the desired 
length of the land. 

4. An optical disk recording device as recited in claim 1 
or 3 wherein said top-power-incrcasing additional pulse is 
set to a same power value for each pit length and is imparted 
to a beginning of the top power irradiation period of the laser 
light beam. 

5. An optical disk recording device as recited in claim 2 
or 3 wherein said bottom-power-off pulse is set to a same 
power value for each land length and is imparted to a 
beginning of the bottom power irradiation period of the laser 
light beam. 



11/28/2003, EAST version: 1.4.1 



US 2002/0089914 Al 



11 



Jul. 11,2002 



6. An optical disk recording method for forming pits and 
lands alternately based on a mark-length recording scheme 
by irradiating, onto a recording surface of an optical disk, a 
laser light beam modulated by a recording signal, 

said optical disk recording method comprising a step of 
modifying recording-power irradiation start timing of 
the laser light beam, to start formation of a pit, accord- 
ing to a length of the pit, 

said step of modifying recording-power irradiation start 
timing including a step of, when a pit of a relatively 
great length is to be formed, delaying the recording- 
power irradiation start timing as compared to when a 
pit of a smaller length is to be formed, as long as 
respective lands immediately preceding the pit of a 
relatively great length and the pit of a smaller length 
have a substantially same length. 

7. An optical disk recording method as recited in claim 6 
wherein the recording-power irradiation start timing for 
formation of a pit of a 4T length is set to predetermined 
reference timing with no modification, the recording-power 
irradiation start timing for formation of a pit shorter than the 
4T length is advanced ahead of the reference timing, and the 
recording-power irradiation start timing for formation of a 
pit longer than the 4T length is delayed behind the reference 
timing. 

8. An optical disk recording method as recited in claim 7 
wherein when a pit of a 3T length is to be formed, the 
recording-power irradiation start timing is advanced ahead 
of the reference timing by an amount ranging from 0 to 12% 
of a IT length, and when a pit of a length between 5T and 
11T is to be formed, the recording-power irradiation start 
timing is delayed behind the reference timing by an amount 
ranging from 0 to 6% of the IT length. 

9. An optical disk recording method for forming pits and 
lands alternately based on a mark-length recording scheme 
by irradiating, onto a recording surface of an optical disk, a 
laser light beam modulated by a recording signal, 

said optical disk recording method comprising a step of 
modifying recording-power irradiation end timing of 
the laser light beam, to start formation of a land, 
according to a length of the land, 

said step of modifying including a step of, when a land of 
a relatively small length is to be formed, advancing the 
recording-power irradiation end timing as compared to 
when a land of a greater length is to be formed, as long 
as respective pits immediately preceding the land of a 
relatively great length and the land of a smaller length 
have a substantially same length. 

10. An optical disk recording method as recited in claim 

9 wherein the recording-power irradiation end timing for 
formation of a land of a 4T length is set to predetermined 
reference timing with no modification, the recording- power 
irradiation end timing for formation of a land shorter than 
the 4T length is advanced ahead of the reference liming, and 
the recording-power irradiation end timing for formation of 
a land longer than the 4T length is delayed behind the 
reference timing. 

11. An optical disk recording method as recited in claim 

10 wherein when a land of a 3T length is to be formed, the 
recording-power irradiation end timing is advanced ahead of 
the reference timing by an amount ranging from 0 to 12% of 
a IT length, and when a land of a length between 5Tand 11T 



is to be formed, the recording-power irradiation end timing 
is delayed behind the reference timing by an amount ranging 
from 0 to 6% of the IT length. 

12. An optical disk recording method for forming pits and 
lands alternately based on a mark-length recording scheme 
by irradiating, onto a recording surface of an optical disk, a 
laser light beam modulated by a recording signal, said 
optical disk recording method comprising: 

a step of modifying recording-power irradiation start 
timing of the laser light beam, to start formation of a 
pit, according to a combination of lengths of a pit to be 
formed and a land immediately preceding the pit; and 

a step of modifying recording-power irradiation end tim- 
ing of the laser light beam, to start formation of a land, 
according to a combination of lengths of a land to be 
formed and a pit immediately preceding the land, 

said step of modifying recording-power irradiation start 
timing of the laser light beam including a step of, when 
a pit of a relatively great length is to be formed, 
delaying the recording-power irradiation start timing as 
compared to when a pit of a smaller length is to be 
formed as long as respective lands immediately pre- 
ceding the pit of a relatively great length and the pit of 
a smaller length have a substantially same length and 
also, when a land of a relatively small length is to be 
formed, delaying the recording-power irradiation start 
timing as compared to when a land of a greater length 
is to be formed, 

said step of modifying recording-power irradiation end 
timing of the laser light beam including a step of, when 
a land of a relatively small length is to be formed, 
advancing the recording-power irradiation end timing 
as compared to when a land of a greater length is to be 
formed as long as respective pits immediately preced- 
ing the land of a relatively small length and the land of 
a greater length have a substantially same length and 
also, when a pit of a relatively great length is to be 
formed, advancing the recording-power irradiation end 
timing as compared to when a pit of a smaller length is 
to be formed. 

13. An optical disk recording device for forming pits and 
lands alternately based on a mark-length recording scheme 
by irradiating, onto a recording surface of an optical disk, a 
laser light beam modulated by a recording signal, said 
optical disk recording method comprising: 

a storage unit that stores various modification amounts for 
recording-power irradiation start timing of the laser 
light beam, to start formation of a pit, corresponding to 
various combinations of lengths of a pit to be formed 
and a land immediately preceding the pit, and various 
modification amounts for recording-power irradiation 
end timing of the laser light beam, to start formation of 
a land, corresponding to various combinations of 
lengths of a land to be formed and a pit immediately 
preceding the land; and 

a control unit that detects, from an input recording signal, 
combinations of lengths of a pit and a land immediately 
preceding the pit and lengths of a land and a pit 
immediately preceding the land, reads out from said 
storage unit one of the modification amounts for 
recording-power irradiation start timing or the modifi- 
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cation amounts for recording-power irradiation end 
timing which corresponds to one of the detected com- 
binations, and modifies the recording-power irradiation 
start timing or the recording-power irradiation end 
timing relative to predetermined reference timing by an 
amount corresponding to the read-out modification 
amount. 

14. An optical disk recording device as recited in claim 13 
wherein the modification amounts for recording-power irra- 
diation start timing are set such that, when a pit of a 
relatively great length is to be formed, the recording-power 
irradiation start timing is delayed as compared to when a pit 
of a smaller length is to be formed as long as respective lands 
immediately preceding the pit of a relatively great length 
and the pit of a smaller length have a substantially same 
length and also that, when a land of a relatively small length 



is to be formed, the recording-power irradiation start timing 
is delayed as compared to when a land of a greater length is 
to be formed, and wherein the modification amounts for 
recording-power irradiation end timing are set such that, 
when a land of a relatively small length is to be formed, the 
recording-power irradiation end timing is advanced as com- 
pared to when a land of a greater length is to be formed as 
long as respective pits immediately preceding the land of a 
relatively small length and the land of a greater length have 
a substantially same length and also that, when a pit of a 
relatively great length is to be formed, the recording-power 
irradiation end timing is advanced as compared to when a pit 
of a smaller length is to be formed. 

***** 
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